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Abstract
Purpose This study reports first evidence of a modified
procedure for osteochondral autologous transplantation
where bony periosteum-covered plugs are harvested at the
iliac crest and transplanted into the talar osteochondral
lesion.
Methods Thirteen out of 14 patients, average age 39.6
(SD 14.4) years, were followed clinically and radiograph-
ically for a median of 25 (24–28) months (minimal follow-
up, 24 months).
Results For these 13 patients, the American Orthopaedic
Foot and Ankle Society hindfoot score increased from 47
(SD 11) points pre-operatively, to 81 (SD 14) points
postoperatively (p \ 0.0001). The average pain score
decreased from 6.6 (SD 1.3) points pre-operatively, to 1.4
(SD 1.9) points postoperatively (p \ 0.0001). Seven
patients returned to sports activity. Radiographically good
plug osteointegration was observed in nine out of 11
ankles. Follow-up arthroscopy showed fibrous cartilage in
four ankles, periosteum hypertrophy in five ankles, and
partial or total missing of coverage of the bone in three
ankles. Three revision surgeries had to be performed.
Conclusions This modified mosaicplasty might be rec-
ommended for severe and recurrent osteochondral lesions
of the talus and may lead to restoration of the subchondral
bone stock, formation of fibro-cartilage, and stable joint
function.
Level of evidence IV.
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Introduction
Osteochondral lesions (OCL) of the talus are more frequent
than previously estimated and affect young, sports active
patients [38]. For OCL treatment, a variety of techniques are
known, primarily adapted from techniques used to treat car-
tilage lesions of the knee joint. For talus OCL, treatment
results lack evidence and consistency [34]. Treatment strat-
egies may address three levels: (I) the chondral level; (II) the
osseous level; (III) the osteochondral level as a combination
of the chondral and the osseous level. The osseous component
of OCL is suspected to be the main origin of pain as cartilage
is aneural, while the osseous level has an important impact on
ongoing joint degeneration [9]. The only autologous osteo-
chondral therapy that reconstructs both layers and results in
intrinsic stability between cartilage and bone (treatment
strategy III) is the osteochondral autologous transplantation
or so called mosaicplasty [12, 32]. With this technique,
osteochondral plug cylinders are harvested at the knee joint
and transplanted to the ankle joint. Although high success
rates of up to 94 % have been reported, recent studies sug-
gested significant midterm donor-site morbidity at the pre-
viously uninjured knee joint [29, 31, 35].
On the search for an alternative method that addresses both
the osseous and chondral levels and provides intrinsic
osteochondral stability without harming another joint, a
modified mosaicplasty procedure was developed for severe
and recurrent talus OCL: bony periosteum-covered iliac crest
plug transplantation. The bone is needed to fill the osseous
defect and cyst formation. The periosteum was identified to
have pluripotent stem cells with the capacity of differentiating
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into chondrocytes and fibro-cartilage [8, 26]. The periosteum
is fixed to its underlying cortical bone on cellular and extra-
cellular levels, thus providing intrinsic mechanical stability
and biological interaction (e.g. vascular supply, cell interac-
tions) [18, 30].
Therefore, the aim of this prospective study was to docu-
ment the clinical and radiographic outcomes of patients in
which bony periosteum-covered plugs were transplanted
from the iliac crest to the ankle joint for treatment of severe
and recurrent talus OCL. The hypothesis was that adequate
results can be achieved in severe and recurrent talus OCL with
this modified technique without creating an articular donor-
site morbidity.
Materials and methods
A prospective observational study was carried out at the
University Hospital of Basel, Switzerland, on all patients
undergoing modified mosaicplasty. There were three female
and 11 male patients with a mean age of 39.6 (SD 14.4) years.
Inclusion criteria were unilateral, painful, and radiologically
verified severe or recurrent OCL of the talus of Berndt/Harty/
Loomer grade 3–5 with a large involvement of the subchon-
dral bone [4, 24]. Exclusion criteria were OCL lesion size
\1.5 cm2 or depth of lesion \0.8 cm, diabetes mellitus,
neurological and mental disorders, follow-up time shorter
than 2 years, osteochondral lesions grade 1 or 2, varus or
valgus malalignment, and osteochondral lesions that could be
treated with retrograde drilling, microfracturing, or autolo-
gous chondrocyte transplantation. The last criterion was
added to exclude patients who could be treated with a less
invasive procedure. Localization of the lesions was medial,
lateral, and central in 10, three, and one ankles, respectively.
Symptoms included pain, joint blocking, and swelling and
persisted for a median of 10.0 (0.5–30) years. Aetiologically,
trauma was historical in 13 out of 14 ankles: ankle or talus
fracture in six ankles, sprains and persistent chronic ankle
instability in six ankles, and direct contusion in one ankle. Ten
patients had between one and five surgeries before undergo-
ing the modified mosaicplasty procedure: arthroscopy (8),
osteosynthesis (5), implant removal (4), retrograde drilling
(4), ligament reconstruction (4), microfracturing (1), and
cancellous bone grafting (1). Thirteen patients were available
for clinical and radiological follow-up at 25 (24–28) months,
wherefrom two patients agreed for clinical follow-up exam-
ination only. One patient was lost for follow-up due to change
of address.
Surgical technique
Procedure was performed as a one-stage procedure. Medial
malleolus osteotomy was necessary in nine ankles to access
the joint (Fig. 1a). The lateral joint was accessed through
an anterolateral approach in three ankles. The lesion was
identified and excised with a mosaicplasty hollow drill [12]
(Fig. 1b; Synthes Inc., Oberdorf, Switzerland). Lesion size
averaged 173 mm2 (SD 39 mm2). A depth of 15–20 mm
was necessary to excise all the involved bone. The anterior
iliac crest was then accessed through an incision directly
overlying the harvesting area, and the iliac crest was
exploited without harming the periosteal layer (Fig. 1c). It
was possible to drill the plugs at the edge of the iliac crest
to mimic the shape of the talar edge [23]. With caution not
to harm the periosteum, the harvested plugs were inserted
into the drilled holes of the talus with the periosteum layer
slightly below the cartilage level. Ankle joint motion was
tested for smooth function before the joint was closed
(Fig. 1d). If medial or lateral ankle instability was found,
the ligaments were reconstructed in the same procedure.
This was necessary in six ankles. Postoperative care con-
sisted of partial weight bearing for 6 weeks and early
functional rehabilitation including lymphatic drainage,
training of range of motion, and sensorimotor training, in
later stages also strength training, and instructions for
return to sports as tolerated by the patients.
In nine ankles, re-arthroscopy or arthrotomy was per-
formed at latest follow-up. Direct visual inspection of the
lesion, probe indentation of the cartilage to assess cartilage
quality, and examination and probe indentation of the
surrounding and the opposing cartilage was performed.
Clinical examination
Patients rated their pain on a visual analogue scale (VAS)
of 0 points (no pain) to 10 points (maximal pain) [14].
They also indicated their satisfaction with the procedure
(modified Coughlin rating for category scale: very satisfied,
satisfied, partially satisfied, not satisfied) [7]. The Ameri-
can Orthopaedic Foot and Ankle Society (AOFAS) hind-
foot score was calculated [0–100 (maximal value) points
divided in pain (maximal 40 pts.), function (maximal
50 pts.), and alignment (maximal 10 pts.)] [16]. Each
patient’s sports activity level was documented pre-opera-
tively and during the latest follow-up using the following
score: grade 0, none; grade 1, moderate; grade 2, normal;
grade 3, high; and grade 4, elite [36].
Radiographic evaluation
Weight bearing radiographs were scored for OCL after
Berndt and Harty/Loomer: grade 1, subchondral compres-
sion; grade 2, partially avulsed fragment; grade 3, detached
but not displaced fragment; grade 4, displaced fragments;
grade 5, subchondral cyst [4, 24]. Magnetic resonance
imaging (MRI) in nine ankles and single photon emission
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computed tomography—computed tomography (SPECT-
CT)—in five ankles were recorded and scored after Tara-
now: grade 1, subchondral compression; grade 2, sub-
chondral cyst; grade 3, detached but not displaced
fragments; grade 4, displaced fragments [22, 33]. MRI
consisted of native and gadolinium-enhanced 1.5 T MRI
(Espree, Siemens, Germany) with T1, T2, and TIRM
weighting. SPECT-CT (Symbia T2, Siemens, Germany),
represents a digital fusion of 3D bone scintigraphy
(SPECT) and a computed tomography scan (CT) that are
recorded on the same machine in a fixed foot position [28].
Ethics
The study was conducted in accordance with the ethical
standards of the responsible committee on human experi-
mentation and with the Helsinki Declaration of 1975, as
revised in 2000. The protocol was approved by the Ethics
Committee of the University of Basel (Reference Number
49/08), Switzerland. All participants provided informed
written consent prior to surgery and study.
Statistical analysis
A Kolmogorov–Smirnov normality test was performed to
verify whether data were normally distributed. Normally
distributed data are presented as mean (standard deviation).
Non-normal data are presented as median (range). Stu-
dent’s t tests and Mann–Whitney rank sum tests were used
for data comparison in normally and non-normally dis-
tributed data, respectively. A p value B0.05 was considered
to be statistically significant. Data were analysed using
SPSS v16.0 (SPSS Inc., Chicago, IL, USA) and SigmaPlot
2004 (Systat Software Inc., San Jose, CA, USA).
Results
Clinical results
A substantial pain relief in all the patients was found [VAS,
6.6 (SD 1.3) pts pre-operatively to 1.4 (SD 1.9) pts post-
operatively (p \ 0.001)]. Along with it, hindfoot function
Fig. 1 Modified mosaicplasty procedure. The osteochondral lesion of the talus (a) was excised with a hollow drill (b). A plug was harvested at
the iliac crest (c) and inserted using press-fit technique into the talar lesion (d)
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improved significantly [AOFAS-hindfoot score, 47.2 (SD
11.1) pts pre-operatively to 81.3 (SD 14.0) pts postopera-
tively (p \ 0.001)] (Fig. 2).
Before injury or onset of symptoms, the cohort showed a
high activity in sports: five patients were elite athletes
(level 4), three patients did sports more than 5 h/week
(level 3), one patient 1–5 h/week (level 2), and five patients
did sports once/week (level 1), with four of them being
heavy workers. Sports included were soccer (5), volleyball
(2), hiking (2), general sports (2), running, boxing, tennis,
horse riding, gymnastics, and strength training (one each).
At follow-up, seven patients returned to sports activity,
with three reaching their pre-injury level.
For the iliac crest donor site, none of the patients
reported any complaints of pain or tenderness during the
postoperative rehabilitation course or at follow-up. No
scarring problems or signs for wound or deep infection
were found.
At final follow-up, nine patients were very satisfied, two
patients satisfied, and two patients dissatisfied. Ten patients
would agree to undergo the same procedure again.
Radiographic results
Pre-operative radiologic evaluation showed grade 3 in two
ankles, grade 4 in three ankles, and grade 5 in nine ankles
for Berndt/Harty/Loomer classification [4, 24] (Fig. 3a).
All lesions were accompanied with focal bone marrow
oedema on the MRI (nine ankles) or focal scintigraphic
activity (five ankles) in the SPECT-CT (Fig. 3b). The
subchondral bone plate was disrupted in all 14 ankles,
subchondral bone defects or cyst formation was found in
11 ankles, and subchondral sclerosis was found in all 14
ankles.
Follow-up examination with the SPECT-CT was com-
pleted on 11 ankles. Stable plug incorporation was found in
nine ankles, and two ankles showed missing plug integra-
tion. The subchondral bone plate was without disruption in
six ankles, and in five ankles, disruptions were found,
respectively. In nine ankles, persistent scintigraphic activ-
ity was found (Fig. 3c). Cyst recurrence was found in seven
ankles, of them in five ankles, they were smaller than pre-
operatively; in two ankles, they had the same size. In four
ankles, no cysts were found. Two ankles showed kissing
lesions and at least compartmental, ongoing joint degen-
eration (subchondral sclerosis, and joint space narrowing).
Arthroscopic results
Follow-up arthroscopy or arthrotomy was performed in
nine ankles. Indications for surgery were hardware removal
at osteotomy site (arthroscopy, six ankles) or revision
Fig. 2 AOFAS ankle score. Pre-operative (black) and follow-up
(grey) results for the overall AOFAS ankle score and its subdivisions;
pain, function and alignment (*p \ 0.01)
Fig. 3 Radiographic documentation. 21-year-old semi-professional
soccer player 15 months after direct contusion injury and 12 months
after arthroscopic microfracturing. Pre-operative weight-bearing
X-ray (anterior–posterior) showed a Berndt Harty grade 4 (a). The
pre-operative 3D reconstructed SPECT-CT revealed the lesion and its
focal scintigraphic activity (b). Follow-up SPECT-CT (c) confirmed
good plug integration with a congruent subchondral bone plate
integrity, despite some scintigraphic activity remaining. AOFAS
ankle score at follow-up: 97 points
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surgery (arthrotomy, three ankles). Total or partial cover-
age with fibrous cartilage was found in four ankles
(Fig. 4a), periosteum hypertrophy in four ankles (Fig. 4b),
and partial or total missing coverage of the bone in three
ankles. The surrounding cartilage showed no signs of
ongoing cartilage degeneration or formation of a kissing
lesion except for the revision cases. Open revision surgery
was necessary in three ankles that were rated clinically as
poor results. Of these, two graft loosenings were found.
One had radiosynoviorthesis after the plug implantation
due to a villonodular synovitis that was found at the time of
the implantation procedure. The other was a result of
technical failure. The last case was considered to have a
borderline indication due to the presence of early signs of
osteoarthritis and failed to show success. It was therefore
converted to a total ankle replacement [13].
Discussion
The most important finding of the present study was that a
new modified mosaicplasty procedure (osteoperiosteal
autologous transplantation) with plug transplantation from
the iliac crest to the ankle joint allowed excellent to sat-
isfying results in 85 % for treatment of severe and recur-
rent OCL of the talus for a reported minimal follow-up of
2 years. In detail, of the 13 patients available for follow-up,
three showed excellent results, four patients showed good
and another four satisfying results. A poor result was found
in two patients. Overall, three major revision surgeries
were indicated after the modified mosaicplasty.
An average AOFAS ankle score of 80.1 points was
documented. Although other studies report success rates of
90–100 % [12, 21] for the ‘‘classic’’ mosaicplasty, our
results are consistent with studies reported by Assenmacher
et al. [2] or Al-Shaikh et al. [1] who reported AOFAS ankle
scores of 80.2 points and 88 points, respectively, with a
shorter follow-up of 9.3 and 16 months, respectively,
though but both studies excluded recurrent cases. Longer
follow-up results for the ‘‘classic’’ mosaicplasty were
reported by Valderrabano et al. [35] and recently by Imhoff
et al. [15]. They reported of an average AOFAS ankle score
of 80.2 and 78.0 points for a follow-up time of 72 and
84 months, respectively [15, 35]. In a subgroup of nine
patients who had one surgical intervention before (de-
bridment and drilling), Imhoff et al. [15] found an AOFAS
ankle score at follow-up of 62 points what would be rated
as poor in our study. Only Kreuz et al. [20] reported on a
series of osteochondral plug transplantations from the
malleolar joint facet of the talus to the edge of the talo-
crural joint for recurrent, previously arthroscopically trea-
ted OCL of the ankle. In 35 patients, they found an increase
in the AOFAS ankle score of 54–89 points after 49-month
follow-up [20]. Our study reports a comparable increase of
43 points from 47 to 80 points. The high subjective patient
satisfaction underlines that patients experienced a signifi-
cant benefit through the procedure.
A main difference of severe OCL of the talus to the knee
is the inclusion of the subchondral bone. Bone sclerosis,
fragment displacement, and cyst formation are very fre-
quent in talar OCL [13]. In our series, these factors were
found in all patients. Based on our interpretation, many of
the possible treatment procedures such as autologous
chondrocyte implantation (ACI) or microfracture are not as
applicable for the ankle as for the knee joint as they do not
address the osseous level sufficiently enough [11, 17]. The
integrity and stability of the subchondral bone plate seems
to play an important role in the pathogenesis of OCL of the
ankle. One theory of subchondral cyst formation refers to
the recurrent pumping of joint fluid through a disruption of
the cartilage and subchondral bone plate into the sub-
chondral bone with every joint motion leading to an
unstable cartilage cover [35, 37]. The bone seems to play
Fig. 4 Follow-up arthroscopy. Follow-up arthroscopy showing
fibrous cartilage (a) in one patient and periosteum hypertrophy in
another patient (b)
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an important role not only in the pathogenesis of OCL of
the ankle, but also in pain nociception [12]. Although it is
unclear, if pain originates from subchondral bone, liga-
ments, or synovitis, radiographic findings on the SPECT-
CT of focal scintigraphic activity or bone marrow oedema
on MRI recordings may suggest that the subchondral bone
has an important role as a pain source [5]. Therefore, we
concur with Gross [11] that severe and recurrent OCL with
deep involvement of subchondral bone benefit from
reconstruction with a stable transplant addressing sub-
chondral bone, cartilage, and its intrinsic stability through a
stable connection of both layers.
The ‘‘classic’’ mosaicplasty procedure described by
Hangody et al. with osteochondral plug transplantation from
the knee joint to the talus initially showed excellent results
with short- to midterm survival in up to 100 % and good and
excellent outcomes in up to 94 % [2, 12]. However, Reddy
et al. [31] reported significant donor-site morbidity in four out
of 11 patients including patellar instability and ongoing joint
degeneration. Recently, it has been shown that knee-to-talus
mosaicplasty causes significant radiographic knee joint
morbidity and clinical knee symptoms in 58 % [35]. Addi-
tionally, several authors reported restricted results at the ankle
joint site including cyst recurrence [25, 35]. Why should an
asymptomatic joint be harmed if it resulted only in a moderate
outcome? A benefit of this modified procedure is that no
significant donor-site morbidity occurs at the iliac crest.
It is well accepted that periosteum has the potential to
develop into fibro-cartilage [8]. Several studies have reported
on the chondrogenic potential of periosteum in vitro and
in vivo. Bahrami et al. [3] identified osteoprogenitor cells in
18-month-old calves that differentiate into chondrocytes
in vitro. Caplan [6] suspected pluripotent stem cells contained
within the periosteum to be responsible for the chondrogen-
esis. O’Driscoll et al. [26, 27] described that chondrogenic
potential depended on the cell count of the cambium layer of
the periosteum and on the patient’s age. So far, no study has
addressed the potential of periosteum to differentiate into
cartilage in a clinical study. Comparison of clinical outcome
between fibro-cartilage (e.g. by microfracturing) or hyaline-
like cartilage (e.g. by ACI) formation evidenced no significant
clinical or radiographic differences in midterm follow-up
examinations in the knee or ankle joint [10, 17]. For the ankle
joint, Gobbi et al. [10] found no differences in the AOFAS
ankle score after 53 months for chondroplasty (synonymous
for abrasio; regeneration with fibro-cartilage), microfracture
(regeneration with fibro-cartilage), or autologous osteochon-
dral transplantation (mosaicplasty; regeneration with hyaline
cartilage) in a prospective randomized trial.
For follow-up examination, radiographic evaluation by
SPECT-CT was possible in 11 patients and re-arthroscopy or
arthrotomy in nine patients. Three main issues were docu-
mented at follow-up: (I) Nine ankles had stable plug
integration. A vital and stable subchondral bone stock is
important for every type of joint reconstruction. (II) Several
patients reported a significant clinical improvement after
hardware removal. As a consequence, our patients who
underwent this procedure were informed pre-operatively that
an additional intervention may be necessary. (III) Inspection
of the lesion site showed fibro-cartilage formation in four
cases and periosteum hypertrophy in four cases. Periosteal
hypertrophy within a synovial joint has been well reported
from the first generation ACI technique where the chondro-
cyte suspension was covered by a periosteal layer [19].
Shaving of the hypertrophic tissue lead to a significant clinical
improvement.
This study has several limitations including small
patient number and the level of evidence (level 4). To our
knowledge, only one study by Gobbi et al. [10] reached a
high level of evidence (level II). The comparison of dif-
ferent studies on talus OCL is difficult as talus OCL may
show high heterogeneity (e.g. lesion size and type, patient
age, duration of symptoms, previously performed symp-
toms, and others). These factors must be seen as con-
founding factors and considered for the interpretation of
the results. Future studies need to address different tech-
niques in prospective, randomized trials in order to be able
to understand advantages and disadvantages of different
techniques.
Revision surgeries for talus OCL remain frequent although
good results were reported on different techniques. Typically,
these revision cases were referred to our clinic. Here, this new
modified mosaicplasty technique is a final approach as an
alternative to ankle joint replacement or arthrodesis.
Although the reported results are midterm, the reported
clinical and radiographic outcomes under these circum-
stances are promising and encouraging. Additionally to
clinical follow-up examination, radiographic and arthro-
scopic follow-up examination was possible. However, due to
ethical reasons, regular histologic analysis for cartilage
quality was not possible.
Conclusion
In conclusion, this modified mosaicplasty procedure with
plug transplantation from the iliac crest to the ankle joint
offers a new, joint-preserving alternative surgical option for
recurrent or severe osteochondral lesions with a highly
reproducible and satisfying outcome. This study showed that
restoration of the subchondral bone block, formation of fibro-
cartilage, and stable joint function can be achieved.
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